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Pyrrolidone carboxyl peptidase from the hyperthermophilic archaeon
Thermococcus litoralis has been crystallized in a form suitable for
X-ray diffraction from ammonium sulfate or ammonium dihydrogen
orthophosphate using the vapour-phase diffusion method. Crystals
from both precipitants are of the orthorhombic space group P21212
with unit-cell dimensions a = 94.06, b = 149.06, c = 73.54 AÊ . A
complete data set to 2.8 AÊ resolution has been collected from crystals
grown from ammonium sulfate
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1. Introduction
Pyrrolidone carboxyl peptidases (pcps; E.C.
3.4.19.3) catalyse the hydrolysis of amino-
terminal pyroglutamate residues from peptides
and proteins (Doolittle & Armentrout, 1968).
They form a subgroup of the large amino-
peptidase family of enzymes which demon-
strate a wide range of substrate speci®city and
catalytic mechanisms (Gonzales & Robert-
Baudouy, 1994). Pcps have been identi®ed in
mammalian and plant species (Szewczuk &
Kwiatkowska, 1970), as well as from a variety
of bacterial sources (AwadeÂ et al., 1992).
Mechanistically, pcps have been divided into
two groups: cysteine peptidases and metallo-
peptidases. The former group includes all the
bacterial enzymes studied so far and one class
of mammalian enzyme. The other class of
mammalian enzyme is a zinc-containing
metallopeptidase and has been shown to
regulate the activity of the neuropeptide,
thyrotropin-releasing hormone.
The bacterial pcps are the most extensively
studied, with pcp genes being cloned from the
bacteria Pseudomonas ¯uorescens (Gonzales
& Robert-Baudouy, 1994), Bacillus subtilis
(AwadeÂ et al., 1992), Bacillus amyloliquefaciens
(Yoshimoto et al., 1993), Streptococcus
pyogenes (Cleuziat et al., 1992) and Staphylo-
coccus aureus (Patti et al., 1995). The enzymes
have been biochemically characterized and are
either homodimers or tetramers with subunit
molecular weights between 22 and 30 kDa.
They possess high sequence homology;
however, they show no similarity to any other
type of peptidase and the pcps are therefore
thought to constitute a distinct class of enzyme
(Cleuziat et al., 1992). A common feature of all
these sequences is the totally conserved
cysteine- and histidine-containing motifs,
which are proposed to be catalytic residues, as
in the cysteine proteases exempli®ed by papain
(Polgar, 1973). Inhibition studies (Sullivan et
al., 1977) and site-directed mutagenesis
experiments (Yoshimoto et al., 1993) support
this hypothesis. A third, acidic residue has
recently been proposed to stabilize the imida-
zolium ring of the histidine during catalysis in
an analogous manner to the serine protease
triad, although the exact sequence position of
this residue has not been established (Lesaux
et al., 1996).
The pyrrolidone carboxyl peptidase from
the anaerobic hyperthermophile Thermo-
coccus litoralis has recently been cloned and
overexpressed in Escherichia coli (Singleton et
al., unpublished data). The enzyme shows high
sequence homology to the bacterial pcps and
has a similar quaternary structure of 4 
24 kDa subunits. In addition, the protein shows
the extreme thermotolerance exhibited by
enzymes derived from such sources, with a
half-life of more than 0.5 h at 363 K. Structural
investigations should help to further under-
stand the mechanism of these enzymes and
provide some insights into the property of
protein thermostability. Here, we describe the
crystallization of the enzyme in a form suitable
for high-resolution X-ray studies.
2. Experimental
The pcp gene from Thermococcus litoralis
strain NS-C was isolated and overexpressed in
E. coli as described previously (Singleton et al.,
unpublished data). For crystallization, the
protein was concentrated to 10 mlÿ1 in 50 mM
potassium phosphate pH 7.5, 10 mM DTT by
ultra®ltration using Centricon 10 concentrators
(Amicon) in the same buffer, and crystal-
lization trials were set up using the hanging-
drop vapour-diffusion method. Initial
screening was carried out with the sparse-
matrix conditions described by Jancarik & Kim
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(1991) using a Crystal Screen kit (Hampton
Research, Laguna Hills, CA) in addition to a
range of ammonium sulfate concentrations.
Diffraction studies were carried out using
a Siemens Hi-Star area detector with
graphite-monochromated Cu K radiation
from a Siemens rotating-anode generator
operating at 50 kV and 100 mA. Frames
were indexed and processed using the
programs FRAMBO and SAINT (Siemens
Industrial Automation, Inc.).
3. Results and discussion
Needle-shaped crystals of dimensions 0.8 
0.1  0.05 mm grew from 1 M ammonium
dihydrogen orthophosphate, 0.1 M citrate
pH 5.6 in approximately two weeks. Crystals
of similar morphology but with larger
dimensions (0.5  0.1  0.1 mm) also grew
from 35% ammonium sulfate, 50 mM
potassium phosphate pH 7.5. By
reducing the reservoir buffer to
pH 6.5, still larger crystals of 1.0
 0.3  0.15 mm could be
grown. X-ray analysis showed
crystals from both precipitants to
have identical cell dimensions
and space group, so the larger
crystals grown from ammonium
sulfate were used for all further
work.
These crystals showed
diffraction to 2.7 AÊ , with weak
re¯ections visible at 2.1 AÊ on the
rotating-anode generator. The unit cell was
determined to be orthorhombic with re®ned
lattice dimensions of a = 95.06, b = 150.06, c
= 73.54 AÊ . An examination of systematic
absences indicated space group P21212. This
allows two or four subunits per asymmetric
unit. Assuming four subunits gives a
Matthews coef®cient of 2.73 AÊ 3 Daÿ1 and a
solvent content of 55%, while two subunits
give values of 5.46 AÊ 3 Daÿ1 and 77% for the
Matthews coef®cient and solvent content,
respectively, which are extreme values for a
water-soluble protein (Matthews, 1968).
Thus, it is most likely that the asym-
metric unit contains one tetramer of the
enzyme.
A complete data set was collected at room
temperature using 0.2 frames comprising
49152 observations merging to 23309
unique re¯ections with an overall Rsym =
11.2%. Some statistics of the data collection
are shown in Table 1.
The crystals have been shown to diffract
to beyond 1.8 AÊ resolution on station 9.5 of
the Daresbury Synchrotron Radiation
Source, and a search for suitable heavy-atom
derivatives for phasing purposes is currently
in progress.
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Table 1
Data-collection statistics.
Resolution
shell (AÊ )
Number of
re¯ections
Complete-
ness (%) Rsym² I/(I)
I > 2
(%)
5.94 2882 96.42 0.075 18.13 86.0
4.72 5646 97.08 0.096 10.27 84.4
4.12 8323 96.87 0.094 9.32 86.9
3.75 10942 96.18 0.138 6.16 79.3
3.48 13526 95.87 0.203 4.25 70.5
3.27 16093 95.51 0.241 3.43 64.1
3.11 18681 95.27 0.312 2.53 53.8
2.98 21139 94.70 0.361 2.17 48.7
2.86 22766 90.90 0.340 2.05 46.7
² Rsym = 
P jI ÿ hIij=P I, where I is the observed intensity and hIi is the
average intensity of symmetry-related re¯ections.
